organic compounds 



CrossMark 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

N-[(3-Ethylphenyl)carbamothioyl]-2,2-di- 
phenylacetamide 

Mohd Sukeri Mohd Yusof, a Nur Rafikah Razali, a Suhana 
Arshad, b * Azhar Abdul Rahman b and Ibrahim Abdul 

Razak b *§ 

a Department of Chemical Sciences, Faculty of Science and Technology, Universiti 
Malaysia Terengganu, Mengabang Telipot, 21030 Kuala Terengganu, Malaysia, and 
b School of Physics, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia 
Correspondence e-mail: arazaki@usm.my 

Received 10 May 2013; accepted 23 May 2013 

Key indicators: single-crystal X-ray study; T = 100 K; mean ct(C-C) = 0.004 A; 
R factor = 0.057; wR factor = 0.098; data-to-parameter ratio = 16.3. 



Experimental 

Crystal data 

C 23 H 22 N 2 OS 
M, = 374.49 
Orthorhombic, Pna2 1 
a = 10.0608 (2) A 
b = 17.9092 (5) A 
c = 10.8495 (3) A 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
Tna,, = 0.955, T max = 0.983 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.098 
S = 0.99 
4121 reflections 
253 parameters 
1 restraint 



0.057 



V = 1954.87 (9) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.18 mm" 1 
T = 100 K 

0.26 x 0.23 x 0.09 mm 



11560 measured reflections 
4121 independent reflections 
2885 reflections with / > 2a(l) 
R,„, = 0.071 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.44 e A~ 3 

Apmin = -0.32 e A~ 3 

Absolute structure: Flack (1983), 
1761 Friedel pairs 

Flack parameter: 0.17 (9) 



In the title molecule, C23H22N2OS, the diphenylacetyl and 
ethylbenzene groups adopt a trans-cis conformation, respec- 
tively, with respect to the S atom across the (S=)C— N bonds. 
This conformation is stabilized by an intramolecular N— 
H- ■ O hydrogen bond and a weak C— H- • -S hydrogen bond. 
The ethyl-substituted benzene ring forms dihedral angles of 
87.53 (15) and 73.94 (15)° with the phenyl rings. In the crystal, 
N— H- ■ O hydrogen bonds link molecules into chains along 
[100]. A weak C— H- ■ -it interaction is also observed. 

Related literature 

For the biological activity of carbonylthiourea derivatives, see: 
Zhong et al. (2008); Saeed et al (2010). For related structures, 
see: Yusof et al. (2012a,fo). For hydrogen-bond motifs, see: 
Bernstein et al. (1995). For the stability of the temperature 
controller used for the data collection, see: Cosier & Glazer 
(1986). For standard bond lenths, see: Allen et al. (1987). 




t Thomson Reuters ResearcherlD: F-9119-2012. 
§ Thomson Reuters ResearcherlD: A-5599-2009. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D- ■ A 


D-H-A 


N2-H1JV2- ■ Ol 


0.90 (3) 


1.82 (3) 


2.630 (3) 


148 (3) 


C21-H2L4-S1 


0.95 


2.61 


3.255 (3) 


126 


N1-H1M- ■ Ol' 


0.82 (3) 


2.25 (3) 


3.023 (3) 


157 (3) 


C7— HM.-Cg* 


1.00 


2.87 


3.844 (3) 


166 


Symmetry codes: (i) x 


- |, -y + §, z; (ii) 


-x-\,y + l,z 


H 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT, program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

The authors thank the Malaysian Government and 
Universiti Sains Malaysia (USM) for the USM Short Term 
Grant No. 304/PFIZIK/6312078 to conduct this work. SA 
thanks the Malaysian Government and USM for an Academic 
Staff Training Scheme Fellowship (ASTS). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5616). 
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N-[(3-Ethylphenyl)carbamothioyl]-2,2-diphenylacetamide 

Mohd Sukeri Mohd Yusof, Nur Rafikah Razali, Suhana Arshad, Azhar Abdul Rahman and 
Ibrahim Abdul Razak 

Comment 

Carbonylthiourea derivatives have been explored because they are reported to posses biological activities such as 
antibacterial, anti-fungal and antiviral (Zhong et al, 2008; Saeed et al, 2010). The crystal structure of the title compound 
is presented herein. 

The molecular structure is shown in Fig. 1 . The diphenylacetyl and ethylbenzene groups adopt a trans-cis configuration, 
respectively, with respect to the sulfur atom across the (S=)C-N bonds. Intramolecular N2 — H1N2---01 and C21 — 
H21A -S1 hydrogen bonds result in two 5(6) graph-set motifs (Bernstein et al, 1995). The ethyl-substituted benzene ring 
(C16-C21) forms dihedral angles of 87.53 (15) and 73.94 (15)°, respectively with the C1-C6 and C8-C13 rings. The 
bond lengths (Allen et al, 1987) and angles are within normal ranges and comparable to related structures (Yusof et al, 
20\2a,b). 

In the crystal molecules are linked into one-dimensional chains along the [100] via intermolecular Nl — H1N1-016 1 
hydrogen bonds (Table 1). In addition, a weak C7 — H7A- -Cg il interaction is observed (Cg is the centroid of C8-C13). 

Experimental 

An acetone (30 ml) solution of 3-ethylaniline (1.63 g, 13.5 mmol) was added to a round-bottom flask containing 2,2-di- 
phenylacetyl chloride (3.10 g, 13.5 mmol) and ammonium thiocyanate (1.03 g, 13.5 mmol). The mixture was refluxed for 
2.5h then filtered off and left to evaporate at room temperature. The colourless precipitate obtained was washed with 
water and cold ethanol. Colourless crystals suitable for X-ray analysis were obtained by recrystallization of the 
precipitate in DMSO. 

Refinement 

N-bound H atom were located in difference maps and refined freely, [N-H = 0.82 (3) and 0.90 (3) A]. The remaining H 
atoms were positioned geometrically [C-H = 0.95-1.00 A] and refined using a riding model with t4o(H) = 1.2 or 1.5 
Ceq(C). A rotating group model was applied to the methyl group. In the final refinement one outlier was omitted (12 0). 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Bruker, 2009); data reduction: SAINT (Bruker, 2009); 
program(s) used to solve structure: SHEIXTI (Sheldrick, 2008); program(s) used to refine structure: SHEIXTI 
(Sheldrick, 2008); molecular graphics: SHEIXTI (Sheldrick, 2008); software used to prepare material for publication: 
SHEIXTI (Sheldrick, 2008) and PIATON (Spek, 2009). 
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Figure 1 

The molecular structure of the title compound shown with 50% probability displacement ellipsoids. Dashed lines 
represent intramolecular hydrogen bonds. 
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Figure 2 

The crystal packing of the title compound. The H atoms not involved in the intermolecular hydrogen bonds (dashed lines) 
have been omitted for clarity. 

iV-[(3-Ethylphenyl)carbamothioyl]-2,2-diphenylacetamide 



Crystal data 

C 23 H 22 N 2 OS 
M r = 374.49 
Orthorhombic, Pnal\ 
Hall symbol: P 2c -2n 
a= 10.0608 (2) A 
b= 17.9092 (5) A 
c= 10.8495 (3) A 
F= 1954.87 (9) A 3 
Z = 4 



F(000) = 792 

D x = 1.272 Mgm- 3 

Mo ATct radiation, 1 = 0.71073 A 

Cell parameters from 2145 reflections 

(9 = 3.0-32.6° 

/j = 0.18mm-' 

r= ioo k 

Plate, colourless 

0.26 x 0.23 x 0.09 mm 
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Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2009) 
T mm = 0.955, T m = 0.983 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2a(F 2 )] = 0.057 

wRiF 1 ) = 0.098 

5=0.99 

4121 reflections 

253 parameters 

1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



11560 measured reflections 
4121 independent reflections 
2885 reflections with / > 2a(I) 
Ru = 0.071 

^max 27.5 , Qmm 2.2 

A = -13-»12 
£=-23->19 
/= -13-^14 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/to^Fo 2 ) + (0.0368P) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
A/w = 0.44 e A" 3 
Apmm = "0.32 e A" 3 

Absolute structure: Flack (1983), 1761 Friedel 
pairs 

Flack parameter: 0.17 (9) 



Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat 
(Cosier & Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating iJ-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *ITJ 


SI 


0.31660 (6) 


0.86772 (5) 


0.55685 (8) 


0.0304 (2) 


01 


0.67282 (17) 


0.76358 (11) 


0.36156 (18) 


0.0183 (5) 


Nl 


0.4543 (2) 


0.79237 (14) 


0.3925 (2) 


0.0167 (6) 


N2 


0.5813 (2) 


0.84342 (13) 


0.5464 (2) 


0.0171 (6) 


CI 


0.4471 (3) 


0.60946 (17) 


0.3775 (3) 


0.0228 (8) 


H1A 


0.5140 


0.6275 


0.4317 


0.027* 


C2 


0.3680 (3) 


0.54945 (18) 


0.4134 (3) 


0.0273 (8) 


H2A 


0.3806 


0.5270 


0.4919 


0.033* 


C3 


0.2716(3) 


0.52269 (19) 


0.3353 (3) 


0.0288 (9) 


H3A 


0.2173 


0.4819 


0.3599 


0.035* 


C4 


0.2539 (3) 


0.55506 (19) 


0.2211 (3) 


0.0267 (8) 


H4A 


0.1879 


0.5362 


0.1667 


0.032* 


C5 


0.3322 (3) 


0.61505 (17) 


0.1855 (3) 


0.0218 (7) 
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H5A 


a 1 1 m 
0.3193 




0.63 15 


A 1 f\£C\ 

0.1069 


0.U26* 




C6 


A /I T A /" \ 

0.4296 (3) 




A /"yllOA / 1 H\ 

0.64289 (17) 


0.2643 (3) 


A A 1 C A SH\ 

0.0159 (7) 




L7 


a fin /") \ 

0.5123 (3J 




0.70924 (15) 


A T) 1 C /T\ 

0.2215 (3) 


A A 1 C 1 f£\ 

0.0151 (6) 




T T*7 A 

H7A 


A /IOC 

0.4535 




A n A 1 A 

0.7410 


a 1 £on 

0.1689 


A A 1 O * 

0.018* 




Co 


0.6323 (3J 




A £ 0"70 /I / 1 £\ 

U.6o /o4 (16) 


U.1434 (3) 


A A 1 C 1 fH\ 

U.0153 (/) 




PA 

C9 


0.6652 (3) 




A T") 1 1 O /1 H\ 

0.73113 (17) 


A A/I 1 O /") \ 

0.0418 (3) 


A A1TO SH\ 

0.0228 (7) 




H9A 


A /; i ") A 
U.6124 




A HH1 A 

0. / /34 


A A") 1 "7 
U.U21 / 


A A">"7* 
U.U2 /* 




CIO 


0.7742 (3) 




A H 1 O z' /T \ 

0.7136 (2) 


A A1AA ZO\ 

-0.0309 (3) 


A A^/"A /ON 

0.0269 (8) 




i_ri a a 
H1UA 


u. /Vol 




A T/1 /I A 

0. /440 


A AAO"7 


A AIO* 




Cll 


a ocn \ 

0.8512 (3) 




A /"C1 Z'/" /1 A\ 

0.65166 (19) 


A AATA /T\ 

-0.0030 (3) 


A A^/"A /ON 

0.0260 (8) 




TJ 1 1 A 

HI 1A 


U.9232 




a z:*} OA 
U.639U 


— U.US J2 


a r\i 1 * 
U.U31* 




Clz 


U.elyD (3) 




a ao£ i /i n\ 
U.6U561 (19) 


A AAOA /*}\ 
U.U9SU (3) 


A A") OA { 0\ 

U.U289 (8) 




TJ 1 0 A 

rilzA 


n 0"7") c 
U.O /ZD 




U.5664 


A 1 1 OA 






C13 


n "71 ao 
U. /1U2 (3) 




U. 62633 (Is) 


A 1 "71 A 1*1 \ 
U.l /1U (3) 


A aooa fn\ 
U.U229 ( /) 




TT1 T » 

H13A 


0.6891 




0.5964 


0.2404 


A A^ O rfs 

0.028* 




C14 


0.5563 (3J 




A *7C*7 1 C / 1 £\ 

0. /5 /15 (16) 


A 1 1 1 A /I \ 

0.33 10 (3) 


A A 1 1 1 ( C\ 

0.0133 (6) 




p i r 


0.4590 (3 J 




a oi c i c /i z:\ 

0.oj515 (16) 


0.5009 (j ) 


a a i zr i (H\ 

0.0161 (/) 




C16 


0.6292 (3) 




A O HHC\H /1 /"\ 

0.87797 (16) 


A /"CCA /I \ 

0.6550 (3) 


f\ f\\ H A SH\ 

0.0174 (7) 




C17 


0.7605 (3) 




0.86083 (17) 


A CO A 1 /I \ 

0.6841 (3) 


A All O /OX 

0.0228 (o) 




TT1 T A 

H17A 


0.8072 




A OIO 

0.8263 


0.6336 


a An* 

0.027* 




Clo 


0.0Z50 (3 J 




O.o9zz4 (lo) 


0. /o34 (5) 


O.Uz6z (o) 




pi A 

C19 


0.7545 (3) 




A A A 1 /" /I /1A\ 

0.94264 (19) 


a o c c r \ 

0.8556 (3) 


A A^AA ZO\ 

0.0290 (8) 




TT1 n A 

H19A 


0.7969 




A A^CO 

0.9658 


A HT) O 

0.9238 


A AT C * 

0.035* 




PT A 

C20 


0.6235 (3) 




a nr ac 1 /ia\ 

0.95954 (19) 


0.8292 (3) 


A A^TA /ON 

0.0279 (8) 




t n a a 
Hi OA 


a cno 

0.5763 




A A AO yl 

0.9934 


A OOAC 

0.8805 


A A1 A * 

0.034* 




C21 


n ccno /">\ 

0.5598 (3) 




0.92747 (17) 


0.7284 (3) 


A AT 1 C /"7\ 

0.0215 (7) 




H21A 


0.4699 




0.9395 


0.7103 


A AT /" rfs 

0.026* 




C22 


0.9695 (3) 




A OH AH /0\ 

0.8747 (2) 


A O 1 A1 / A \ 

0.8103 (4) 


0.0425 (11) 




t n 1 a 

H22A 


A A "7 "7 O 

0.9778 




A 0£1 1 

0.8621 


A OAOA 

0.8989 


A AC 1 * 

0.051* 




H22B 


1 A"> "> c 
1.U223 




A A") A -1 

U.92U4 


A H AC C 

U. /9j6 


A AC 1 * 

U.UM* 




V^ZJ 






n si 1 1 (i\ 


A 7TCT 


a 0440 t^^\ 




H23A 


1.1230 




0.8036 


0.7608 


0.066* 




H23B 


1.0277 




0.8239 


0.6475 


0.066* 




H23C 


0.9799 




0.7652 


0.7495 


0.066* 




H1N1 


0.379 (3) 




0.7853 (15) 


0.366 (3) 


0.019(9)* 




H1N2 


0.640 (3) 




0.8181 (17) 


0.500 (3) 


0.025 (9)* 




Atomic displacement parameters (A 2 ) 




U n 


U 22 


U 33 




U 13 


U 23 


SI 


0.0143 (3) 


0.0422 (5) 


0.0348 (5) 


0.0050 (4) 


0.0033 (4) 


-0.0157(5) 


01 


0.0112(9) 


0.0225 (12) 


0.0212(11) 


0.0009 (9) 


-0.0011 (10) 


-0.0068 (10) 


Nl 


0.0095 (12) 


0.0191 (15) 


0.0214(15) 


-0.0001 (11) 


-0.0041 (12) 


-0.0051 (12) 


N2 


0.0100(11) 


0.0222 (14) 


0.0191 (13) 


0.0018(10) 


0.0008 (13) 


-0.0076 (14) 


CI 


0.0232 (17) 


0.0190(19) 


0.0263 (19) 


-0.0023 (14) 


-0.0034 (15) 


0.0008 (16) 


C2 


0.035 (2) 


0.025 (2) 


0.0213 (17) 


0.0008 (16) 


0.0088 (16) 


0.0028 (17) 


C3 


0.0222 (16) 


0.026 (2) 


0.039 (2) 


-0.0070 (14) 


0.0067(18) 


0.0000(18) 


C4 


0.0216(16) 


0.027 (2) 


0.0316(19) 


-0.0109(15) 


-0.0075 (16) 


-0.0021 (18) 


C5 


0.0221 (16) 


0.025 (2) 


0.0177(16) 


-0.0007 (14) 


-0.0055 (14) 


0.0040(15) 


C6 


0.0173 (15) 


0.0175 (18) 


0.0130(15) 


0.0045 (13) 


0.0037 (13) 


-0.0005 (14) 
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0.014Z (14) 


A A 1 /I O /1 OA 

U.U14V (1 /) 


A A 1 OO /1 £\ 

o.oiyz (io) 


A AAA1 /1 OA 

-0.0001 (lz) 


A AAO 0/1 OA 

0.0033 (13) 


A AAO /I /I C\ 

0.0034 (l->) 


Clo 


A A 1 H £. { 1 A A 
0.01 /O (14) 


A A 1 C 0 / 1 OA 

0.0103 (1 /) 


A A 1 AO / 1 OA 

o.oiyz (l /) 


A AA1 O MIA 

— 0.0030 (13) 


A A A AO ( 1 A A 

O.OOOz (14) 


A AAA1 /1 CA 

—0.0003 (id) 


CI / 


A A1 on /1 ca 

O.Oloy {[J) 


A AOO/i /1 A A 
O.OZZO (IV) 


A AO£A /1 QA 

o.ozoy (io) 


A AAOA /1 /IA 

— O.OOzO (14) 


A AAOO /1 CA 
0.00Z / (13) 


A AAO C /1 /^A 

— 0.00ZJ (lo) 




0 0978 (\ f\\ 

U.UZ / 0 ^1 O) 


0 09^8 H Q'i 


0 096Q (\ R\ 




—0 00Q1 /'I 

U.UU7 1 UUl 


o ooss n 7^ 


C19 


0.044 (2) 


0.025 (2) 


0.0185 (16) 


-0.0138 (17) 


-0.0059 (17) 


0.0016(17) 


C20 


0.0384 (18) 


0.025 (2) 


0.0202 (17) 


0.0013 (16) 


0.0034(17) 


-0.0042 (16) 


C21 


0.0225 (15) 


0.0230 (19) 


0.0190(16) 


0.0021 (14) 


0.0013 (15) 


-0.0007 (16) 


C22 


0.036 (2) 


0.038 (2) 


0.053 (3) 


-0.0038 (18) 


-0.024 (2) 


-0.004 (2) 


C23 


0.0202(18) 


0.086 (3) 


0.025 (2) 


0.004 (2) 


-0.0051 (16) 


0.003 (2) 



Geometric parameters (A, °) 


SI— C15 


1.662 (3) 


C9— H9A 


0.9500 


01 — C14 


1.224 (3) 


C10 — Cll 


1.386 (5) 


Nl— C14 


1.377 (3) 


C10— H10A 


0.9500 


Nl— C15 


1.404 (4) 


Cll— C12 


1.378 (4) 


Nl— H1N1 


0.82 (3) 


Cll— H11A 


0.9500 


N2— CI 5 


1.334 (3) 


C12— C13 


1.393 (4) 


N2— C16 


1.416(4) 


C12— H12A 


0.9500 


N2— H1N2 


0.90 (3) 


C13— H13A 


0.9500 


CI— C6 


1.378 (4) 


CI 6— C21 


1.381 (4) 


CI— C2 


1.393 (4) 


C16— C17 


1.391 (4) 


CI— HI A 


0.9500 


C17— C18 


1.379(4) 


C2— C3 


1.374 (4) 


C17— H17A 


0.9500 


C2— H2A 


0.9500 


C18— C19 


1.389 (5) 


C3— C4 


1.380 (5) 


CI 8— C22 


1.516(4) 


C3— H3A 


0.9500 


CI 9— C20 


1.383 (4) 


C4— C5 


1.387 (4) 


C19— H19A 


0.9500 


C4— H4A 


0.9500 


C20— C21 


1.392 (4) 


C5— C6 


1.392 (4) 


C20— H20A 


0.9500 


C5— H5A 


0.9500 


C21— H21A 


0.9500 


C6— C7 


1.523 (4) 


C22— C23 


1.528 (5) 


C7— C8 


1.524 (4) 


C22— H22A 


0.9900 


C7— C14 


1.531 (4) 


C22— H22B 


0.9900 


C7— H7A 


1.0000 


C23— H23A 


0.9800 


C8— C13 


1.382 (4) 


C23— H23B 


0.9800 


C8— C9 


1.388 (4) 


C23— H23C 


0.9800 


C9— CIO 


1.387 (4) 






C14— Nl— C15 


129.1 (2) 


Cll— C12— C13 


120.4 (3) 


C14— Nl— H1N1 


117(2) 


Cll— C12— H12A 


119.8 


C15— Nl— H1N1 


114(2) 


C13— C12— H12A 


119.8 
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pi -1 r p< i s~ 

C15 — N2 — C16 


1 O O 1 /I \ 

132.1 (3) 


p 1 r \n T T 1 XTO 

L15 — JNz — HlJNz 


1 A A A / 1 0\ 

109.9 (18) 


C 1 6 — N2 — H 1 N2 


1 1 -7 -7 /1 o\ 

117.7 (18) 


p / p 1 p--> 

Co — CI — C2 


120.7 (3) 


p / p 1 TT1A 

Co — LI — HI A 


119.6 


p /-» f ■* \ T T 1 A 

C2 — CI — Hi A 


119.6 


C3 — C2 — CI 


120.0 (3) 


p ~> f 1 O TTO A 

L3 — Lz — Hz A 


1 OA A 

120.0 


C • 1 P O T TO \ 

L 1 — Lz — Hz A 


1 OA A 

lzO.O 


C2 — C3 — C4 


1 1 A A /O \ 

119.9 (3) 


p ~) P ") tt-) a 

Lz — L3 — Hi A 


1 OA A 

120.0 


p J i^') TTO A 

C4 — C3 — H3A 


120.0 


L3 — L4 — L5 


1 OA 1 /O \ 

120.1 (3) 


p -> p ,1 TT/1A 

L 3 — L4 — H4 A 


1 1 A A 

119.9 


PC P A TT/I A 

L5 — L4 — H4A 


1 1 A A 

119.9 


C4 — C5 — Co 


1 OA A f~> \ 

120.4 (3) 


P /I PC T_TC A 

C4 — C5 — H5A 


1 1 A O 

119.8 


P PC TTCA 

Co — C5 — H5A 


1 1 A O 

119.8 


CI — C6 — C5 


110 O /") \ 

118.8 (3) 


p 1 p /_ p -7 

CI — Co — C7 


122.7 (3) 


pc p*^ p"7 

C5 — Co — C7 


110 C /I \ 

118.5 (3) 


p / /-in /-in 

Co — C7 — C8 


114.0 (2) 


p / pn p 1 /i 

Co — C7 — C14 


111.0 (2) 


p 0 P 1 P 1 A 

Co — C7 — C14 


1 1 A 1 ZO\ 

110.1 (2) 


t~*C ( ' 1 T_n A 

Co — C/ — H/A 


1 (\H 1 
10/. 1 


C8 — C7 — H7A 


107.1 


p 1 ^ p n in * 

C14 — C7 — H7A 


107.1 


C13 — C8 — C9 


lion p)\ 

118.7 (3) 


/~io ^~ 1 '7 
C13 — Co — C / 


10 1 A 

121.9 (3) 


r~\ (\ pi 0 p -7 

C9 — C8 — C7 


119.4 (3) 


/ni /\ pi f\ /in 

CIO — C9 — C8 


1 O A A \ 

120.9 (3) 


p 1 a pa Tin a 

CIO — C9 — H9A 


1 1 A C 

119.5 


p 0 pa tta a 

C8 — C9 — H9A 


1 1 A C 

119.5 


Cll— CIO— C9 


120.0 (3) 


Cll— CIO— H10A 


120.0 


/-iO /-1 1 pi TT1 A A 

L9 — LIU — HI OA 


1 OA A 

12U.U 


P 1 O /"111 pi A 

Liz — Lll — LIU 


119.5 (3) 


/~i 1 o fii 1 TT11A 

Liz — Lll — H11A 


1 OA "5 

lzU.3 


rii a pi 1 TT11A 

LIU — Lll — H11A 


1 OA O 

12U.3 


p /" pi PO P ") 

Co — C 1 — C2 — C3 


A A / C\ 

0.4 (5) 


p 1 P O PO p /] 

C 1 — C2 — C 3 — C4 


A O /r\ 

0.3 (5) 


po p') t~* a p c 

L2 — C3 — C4 — C5 


-0.7 (5) 


P*5 P/l P C P£ 

C3 — C4 — CD — Co 


0.3 (5) 


C2— CI— C6— C5 


-0.8 (4) 


C2— CI— C6— C7 


179.2 (3) 


C4— C5— C6— CI 


0.4 (4) 


C4— C5— C6— C7 


-179.5 (3) 


CI— C6— C7— C8 


94.9 (3) 



p 0 pn pn 

C8 — C13 — C12 


1 O A C f) \ 

120.5 (3) 


p 0 pi 1 TT11A 

C8 — C13 — HI 3 A 


1 1 A H 

119.7 


[m a 

C12 — C13 — H13A 


1 1 A H 

119.7 


P 1 1 -1 XT 1 

Ol — C14 — Nl 


100 C 

122.0 (3) 


/ "\ 1 /"" 1 4 p -7 

Ol — C14 — C7 


1 OO *7 ZO\ 

lzz. 7 (z) 


XT 1 p 1 /I PT 

Nl — C14 — C7 


11^7 ZO\ 

114.7 (2) 


N2 — C15 — Nl 


1 1 0 n /o\ 

113.7 (2) 


TvTO pif C 1 

jNz — L15 — SI 


IOO A ZO\ 

lzo.4 (z) 


XT 1 pi f C 1 

Nl — L15 — M 


inn /o\ 

117.9 (2) 


p 1 p 1 /- p 1 ^7 

C21 — Clo — C17 


119.4 (3) 


pn pi/: xto 

Lzl — L16 — JNz 


1 0/ n /1\ 

126. U (3) 


pn p 1 /■ xto 

L17 — Llo — JNz 


1 1 j ? \ 
114.5 (3) 


p 1 0 pn p 1 
L 1 o — L 1 / — L 1 0 


IOO 1 /"3 \ 

122.3 (3) 


p 1 O PIT TT17A 

Llo — L17 — H17A 


1 1 O A 

118.9 


/" ^ 1 s- p 1 -7 TT1 n » 

Clo — C17 — H17A 


118.9 


p 1 ^ p 1 0 p 1 (\ 

C17 — C18 — C19 


1 1 7 n /") \ 

117.7 (3) 


pn pi 0 pt> 

L 1 7 — L 1 0 — Lzz 


10 1 O \ 

121.2 (3) 


p i n P10 /"<00 

C 1 9 — C 1 8 — C22 


10 1 A /O \ 

121.0 (3) 


p <-i pv p 1 r\ p 1 0 

C20 — C 1 9 — C 1 8 


1 O A O /") \ 

120.8 (3) 


/"'OA p 1 n TT1AA 

LzU — L 1 9 — H 1 9 A 


1 in ^ 

119.6 


p 1 0 P1A TT1AA 

L 1 8 — L 1 9 — H 1 9 A 


HA/ 
119.6 


p 1 pv POA pn 

C 1 9 — C20 — C2 1 


1 O A T /") \ 

120.7 (3) 


p 1 f\ p in T TO A A 

C 1 9 — C20 — H20A 


119.6 


p--% 1 POA TTO A A 

C2 1 — C20 — H20A 


119.6 


C 1 0 — C2 1 — C20 


1 1 A A \ 

119.0 (3) 


/"I 1 /~ f 11 T T1 1 A 

Clo — C2l — H21A 


120.5 


C20 — C21 — H21A 


120.5 


pi 0 /"iOO pn 

C 1 8 — C22 — C23 


115.9 (3) 


pio pm Tin x 

C 1 8 — C22 — H22A 


1 AO O 

108.3 


PT) POO TTOO A 

C23 — C22 — H22A 


108.3 


p 1 0 P O O TTOO I~"> 

C 1 8 — C22 — H22B 


108.3 


POO TT11T1 

C23 — C22 — H22B 


1 AO O 

108.3 


TTOO A POO T TOOT) 

H22A — C22 — H22B 


1 AT ^1 

107.4 


C22— C23— H23A 


109.5 


C22— C23— H23B 


109.5 


TTOO A PTl T TO 1 T) 

Hz 3 A — Lz3 — Hz3B 


1 AA C 

109.5 


p -> POO TTOTr" 

Lzz — Lz 3 — Hz 3 L 


1 AA C 

109.5 


T TO O A /"<0 1 T TO O /" ^ 

H23A — C23 — H23C 


109.5 


TTOOF1 pn TTOO/^ 

Hz3B — Lz3 — Hz3L 


1 AA C 

109.5 


pi f XT1 pi .1 p, 1 

L 1 5 — N 1 — L 1 4 — 0 1 


-5.2 (5) 


r i -\ r XT 1 p 1 yi P"7 

C15 — Nl — C14 — C7 


174.6 (3) 


p/: p"7 pi p. 1 

Co — C7 — C 1 4 — 0 1 


1 1 A 1 ZO\ 

114.1 (3) 


PO PO" P1 /I P. 1 

C8 — C / — C 1 4 — 0 1 


1^1 
-13.1 (4) 


C6— C7— CI 4— Nl 


-65.8 (3) 


C8— C7— C14— Nl 


167.0 (2) 


CI 6— N2— CI 5— Nl 


-176.0(3 


CI 6— N2— CI 5— SI 


3.2 (5) 


C14— Nl— C15— N2 


2.0 (4) 
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C5— C6— C7— C8 
CI— C6— C7— C14 
C5— C6— C7— C14 
C6— C7— C8— C13 
C14— C7— C8— C13 
C6— C7— C8— C9 
C14— C7— C8— C9 
C 1 3 — C8 — C9 — C 1 0 
C7— C8— C9— CIO 
C8— C9— CIO— Cll 
C9— CIO— Cll— C12 
CIO— Cll— C12— C13 
C9— C8— C13— C12 
C7— C8— C13— C12 
Cll— C12— C13— C8 



-85.2 (3) 
-30.1 (4) 

149.8 (3) 
-40.4 (4) 
85.1 (3) 

139.9 (3) 
-94.6 (3) 
-0.1 (4) 
179.6 (3) 
0.6 (4) 
-0.9 (4) 
0.7 (4) 
-0.1 (4) 
-179.8 (3) 
-0.2 (4) 



C14— Nl— C15— SI 
CI 5— N2— CI 6— C21 
CI 5— N2— CI 6— C17 
C21— CI 6— CI 7— C18 
N2— CI 6— CI 7— C18 
C16— C17— C18— C19 
CI 6— CI 7— CI 8— C22 
CI 7— CI 8— CI 9— C20 
C22— CI 8— CI 9— C20 
CI 8— CI 9— C20— C21 
C17— C16— C21— C20 
N2— CI 6— C21— C20 
CI 9— C20— C21— C16 
CI 7— CI 8— C22— C23 
CI 9— CI 8— C22— C23 



-177.3 (2) 
-16.1 (5) 
166.4 (3) 
-0.7 (4) 
177.0 (3) 
-0.1 (5) 
-177.8(3) 
1.0(5) 
178.7 (3) 
-1.2 (5) 
0.5 (4) 
-176.8(3) 
0.4 (4) 
-10.1 (5) 
172.3 (3) 



Hydrogen-bond geometry (A, °) 



D—n-A 


D — H 


R-A 


D-A 


D—n-A 


N2— HW2-01 


0.90 (3) 


1.82 (3) 


2.630 (3) 


148 (3) 


C21— H2L4-S1 


0.95 


2.61 


3.255 (3) 


126 


Nl— H1M-01' 


0.82 (3) 


2.25 (3) 


3.023 (3) 


157(3) 


C7— K7A- -Cg* 


1.00 


2.87 


3.844 (3) 


166 



Symmetry codes: (i) x-l/2, -y+3/2, z; (ii) — jc— 1/2, y+V2, z+1/2. 
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